The purpose of this study was to examine the extent and evolution of pain after common major surgical procedures and to establish correlates of three types of pain: pain at rest, pain with movement, and maximum pain over the previous 24 h. Patients completed a preoperative questionnaire to obtain data on age, gender, narcotic use, baseline level of pain, chronicity of pain, and level of anxiety. Patients were then interviewed on Postoperative Days 1,2, and 3 to assess their pain on a scale of 0 (none) to 10 (worst imaginable). The mean pain score at rest was 2.6 on Postoperative Day 1 and decreased to 2.3 on Postoperative Day 3 (P = 0.06). The mean pain score with movement was 4.5 on Postoperative Day 1, which decreased to 4.2 on Postoperative Day 3 (P = 0.03). The mean maximum pain score over the previous 24 h was 6.3, which decreased to 5.6 (P = 0.0001). Preoperative narcotic use and high baseline preoperative pain, defined as a score 24, were significantly (P < 0.05) associated with increased pain at rest, pain with movement, and maximum pain. Epidural analgesia was the only mode of analgesia significantly associated with both decreased postoperative pain at rest and decreased pain with movement (P < 0.05). These relatively high pain scores and minimum decreases in pain from Postoperative Days 1 to 3 emphasizes the need for more effective pain management continuing into the postoperative period to facilitate mobilization and recovery. and Dundee (4) found that the percentage of patients requiring relief of pain depended on the site of operation. They found that more than 60% of patients undergoing thoracotomy and upper abdominal operations required pain medication compared with 12% undergoing neck operations. Neither of these studies measured pain by using scores.
T he intensity of postoperative pain after major surgical procedures is often underestimated and, therefore, undertreated by health care providers (1). Management of postoperative pain is complicated and challenging because of large variations in pain experience and analgesic requirements and the many techniques available to treat postoperative pain.
Suprisingly, there are little published data about how much pain to expect after common operations. and Dundee (4) found that the percentage of patients requiring relief of pain depended on the site of operation. They found that more than 60% of patients undergoing thoracotomy and upper abdominal operations required pain medication compared with 12% undergoing neck operations. Neither of these studies measured pain by using scores.
There is a growing appreciation that pain and mode of analgesia are important factors in the endocrine (5), metabolic (6), and inflammatory (7) responses to surgery. High levels of postoperative pain also have been associated with postoperative pulmonary and cardiac morbidity, cognitive impairment, and increased length of hospital stay (8-11). In a study comparing intravenous with epidural morphine after thoracotomy, patients who received epidural morphine had significantly less pain and less of a decrease in forced vital capacity, forced expiratory volume in the first second, and peak expiratory flow rate (8). Mangano et al. (9) demonstrated that the use of prolonged intensive analgesia after myocardial revascularization reduced the incidence and severity of postoperative ischemic episodes. In a study of patients undergoing total hip replacement surgery, one third of patients experienced a decline in mental status after surgery, and a major predictor of mental status decline was 
Methods
All patients older than 50 yr of age who were admitted to Brigham and Women's Hospital between December 1992 and June 1993 for major, elective noncardiac operations (expected length of stay of 2 or more days) were eligible for the study. Of the 88 surgeons contacted, 86 (98%) gave permission to the investigators to approach their patients for participation in the study. Eligibility criteria included the ability to speak English and adequate cognitive function to give informed consent. Of the 477 patients who consented to participate in the study, only data from patients who underwent the 14 most common surgical procedures (n = 276) were analyzed for the purposes of this study.
Preoperative data were collected prospectively using a questionnaire administered by study personnel at the time of the patient's enrollment. Data collected included age, gender, use of preoperative narcotic medication, baseline pain score, chronic@ of pain, and level of anxiety. Patients assessed their level of anxiety preoperatively using a Likert scale including the following categories: extremely anxious, quite a bit anxious, moderately anxious, a little bit anxious, not at all anxious. High anxiety was defined as extremely or quite a bit anxious. Chronic pain was defined as pain for more than 6 mo. Postoperative data were collected prospectively by study personnel during daily interviews with the patient and review of the medical record and nursing medication sheets. Data collected daily included pain at rest, pain with movement, and maximum pain scores on Postoperative Days l-3 and mode of analgesia on Postoperative Day 1. In all patients, the mode of analgesia was determined by the health care team according to the usual standard of care at our institution.
Pain scores were measured using a lo-cm visual analog scale with the end points designated as 0, representing no pain, and 10, representing the worst pain imaginable (16). The patient was asked by the study investigator to make a mark on the line that represented pain at rest, pain with movement, and maximum pain over the previous 24 h. Pain at rest was defined as the pain the patient experienced while lying still in bed. Pain with movement represented the pain the patient experienced ambulating or with movement in bed; for example, turning in bed or transferring from bed to chair. Maximum pain was defined as the maximum pain the patient experienced over the previous 24 h. The score for each type of pain was recorded in millimeters and then converted to a Oto lo-cm scale.
A paired t-test was performed to determine the change in all three types of pain from Postoperative Days 1 to 3. Adjusting for procedure and postoperative day, a repeated measures analysis of variance was used to determine associations of postoperative pain with age, gender, chronic pain, use of preoperative narcotic medication, high anxiety, and high baseline preoperative pain. For preoperative factors without a significant interaction with time, summary weighted means over 3 postoperative days are reported. For factors with significant interactions with time, weighted means for each postoperative day are reported. Similarly, a multivariate analysis of variance was used to determine the association of postoperative pain with type of surgical procedure and mode of analgesia. All modes of postoperative analgesia were compared with patient-controlled analgesia as a reference.
In our institution, the initial mode of analgesia is determined by the health care team in the operating room prior to transfer to a floor. Therefore, it is unlikely that the patient's pain on Postoperative Day 1 would affect the initial mode of analgesia selected. For this reason, only Postoperative Day 1 pain scores and initial mode of analgesia were used in analyses associating postoperative pain with mode of analgesia.
Results
The average age of the patients was 66 yr. Of the patients, 48% were female, 19% used narcotics preoperatively for analgesia, 29% had high anxiety prior to surgery, and 48% had a history of chronic pain; the mean baseline preoperative pain score was 3.3 (scale O-10). In 45% of patients, the main reason for having surgery was to relieve pain. Of the patients, 41% had epidural analgesia and 43% had patient-controlled analgesia on Postoperative Day 1. The mean pain scores for each procedure on Postoperative Day 1 are pictured in Figure 1 . Mean pain scores at rest ranged from a low of 1.6 for radical prostatectomy to a high of 4.2 for peripheral vascular surgery and laminectomy. Mean pain scores with movement ranged from a low of 3.2 for total knee replacement to a high of 7.2 for laminectomy. Maximum pain scores ranged from a low of 5.9 for mastectomy to a high of 8.2 for laminectomy. The mean baseline preoperative pain score (3.3) was higher than the mean pain score at rest on Postoperative Day 1, which was 2.6 (P = 0.003) (Figure 2 ). Orthopedic and vascular procedures associated with claudication had more than 60% of patients experiencing less pain at rest on Postoperative Day 1 than at baseline.
Overall mean pain scores decreased only slightly for all procedures from Postoperative Day 1 to Postoperative Day 3 (Figure 2 ). Pain at rest decreased from 2.6 on Postoperative Day 1 to 2.3 on Postoperative Day 3 (P = 0.06), pain with movement decreased from 4.5 to 4.2 (P = 0.03), and maximum pain over the previous 24 h decreased from 6.3 to 5.6 (P = 0.0001). Fifty-five percent of patients had less pain at rest on Postoperative Day 3 compared with Postoperative Day 1. Fiftyfive percent had less pain with movement, and 62% had lower maximum pain scores.
Preoperative narcotic use and high baseline preoperative pain were significantly (P < 0.05) associated with increased pain at rest, with movement, and maximum pain on Postoperative Days l-3. Increased age was associated with increased pain at rest (P = 0.02). Chronic pain was associated with increased pain with movement (P = 0.04) and was nearly significant for maximum pain (P = 0.05). High anxiety was associated with increased maximum pain experienced (P = 0.03) ( Table 1) .
Associations among modes of analgesia on Postoperative Day 1 were determined using patient-controlled analgesia as the reference. Epidural analgesia was significantly associated with both decreased pain at rest and maximum pain scores on Postoperative Days 1, 2, and 3 (M = 276). Using a paired f-test, pain at rest was found to decrease from 2.6 on Postoperative Day 1 to 2.3 on Postoperative Day 3 (P = 0.06), pain with movement was found to decrease from 4.5 to 4.2 (P = 0.03), and maximum pain over previous 24 h was found to decrease from 6.3 to 5.6 (P = 0.0001). Error bars represent SEM. and decreased pain with movement (P < 0.05). Intramuscular analgesia was the only mode associated with increased maximum pain (P = 0.04) ( Table 2) .
Discussion
This prospective study measured patients' experience of three types of postoperative pain: pain at rest, pain with movement, and maximum pain over the previous 24 hours after commonly performed surgical procedures. Mean pain scores with movement and maximum pain scores were moderately high. Pain with movement and maximum pain did diminish over time; however, the actual measured change was small and of uncertain clinical significance. Preoperative narcotic use and high baseline pain score were the only preoperative variables consistently associated with all three types of postoperative pain. Epidural analgesia was the only mode of analgesia associated with decreased pain.
There is little published information regarding the amount of pain experienced by patients after commonly performed surgical procedures (2-4). Many studies (17-21) have determined pain scores for a single surgical procedure to compare modes of analgesia. Most of these studies have found that epidural and patient-controlled analgesia provide superior pain relief and higher patient satisfaction than traditional intramuscular analgesia. Very few studies, however, have attempted to compare levels of postoperative pain for a variety of surgical procedures. Prior studies have indirectly estimated postoperative pain in general surgical patients by comparing the number of intramuscular injections received for a given surgical procedure (2) or by determining the percentage of patients in each surgical population requiring analgesics (3,4). Furthermore, pain has been assessed only during rest in more than 90% of the literature on postoperative pain (22). Although many surgeons believe that the amount of pain to be anticipated is well known (23), these data that measure pain at rest, with movement, and maximum pain obtained directly from patients are not available in the published literature. A recent textbook (23) reported surgeons' estimates of the amount of pain to expect after various surgical procedures. In contrast to these indirect estimations of pain, we interviewed patients daily the first three postoperative days to directly measure their level of pain at rest, with movement, and maximum pain experienced over the previous 24 hours. In this cohort of 276 patients, postoperative pain scores were low at rest and were often lower than preoperative pain scores. Assuming that visual analog pain scores greater than 3 for pain with movement are "unacceptably high" (22), many of our patients had more pain than recommended despite the fact that more than 80% used sophisticated epidural or patientcontrolled analgesia. Our data suggest the need for more aggressive pain control with mobilization, which may be a better predictor of functional recovery than pain at rest. Certain procedures have been recognized by clinicians as being very painful, including thoracotomy, total knee replacement, and abdominal aortic aneurysm resection (3, 4, 22) . More than 70% of our patients in these three surgical groups received epidural analgesia; perhaps as a result, in our study, pain scores were moderate in these patients compared with other procedures that are generally considered less painful.
Pain intensity diminished only slightly over the first three postoperative days for pain at rest and pain with movement. This finding is consistent with a study of 74 cardiac and abdominal vascular surgical patients in whom pain intensity was moderate and did not diminish over the first few postoperative days, during which patients received very small and decreasing amounts of analgesics over time (24). In our institution, more aggressive analgesia is generally used on the first postoperative day, and pain management is then adjusted to less aggressive forms of analgesia. This may explain the minimum change in overall pain scores from Postoperative Days 1 to 3. This observation has important implications in terms of adequate analgesia for ambulation and increased activity in the postoperative period. In our cohort of 276 patients, preoperative narcotic use was significantly (P < 0.05) associated with increased pain at rest, with movement, and maximum pain on Postoperative Days l-3. This finding is consistent with a prior study by Voulgari et al. (11) of 160 patients undergoing elective operations, in which preoperative analgesic use was associated with higher postoperative narcotic consumption and with higher levels of postoperative pain. Another study of 40 patients undergoing cholecystectomy found that patients reporting preoperative analgesic use had higher postoperative pain scores (12). In contrast to our study, which found a significant association between preoperative baseline pain score and all types of postoperative pain, Voulgari et al. (11) did not find an association. However, their study was limited to a yes/no response regarding the existence of preoperative pain, and therefore it was less likely to find an association. The positive association between preoperative narcotic use and higher baseline preoperative pain with increased postoperative pain may help health care providers target patients for more aggressive analgesic techniques, including regional anesthesia, to improve postoperative pain control.
The present study found no association between gender and postoperative pain, but there were significant associations between advanced age, chronic pain, and high anxiety for certain pain measures. We found a significant association between advanced age and increased postoperative pain at rest. Prior studies have shown either no relationship between age and intensity of postoperative pain (10, 11, 25, 26) or that pain decreased with advanced age (2,27-29) Two of the studies that showed that older age correlated with less pain (2,28) used analgesic requirements as indirect measures of pain experience. This methodology may be flawed, reflecting an attitudinal bias among physicians and nurses that the elderly need less pain medication rather than true differences in the intensity of pain.
Chronic pain was associated with increased pain with movement and maximum pain experienced. Surprisingly, there is little literature examining this relationship; however, our findings are supported by a study of patients undergoing cholecystectomy (12). These results are consistent with an expected vulnerability of these patients to a heightened awareness of their pain experience.
A relationship between increased preoperative anxiety and postoperative pain has been reported in some studies (11, 12, (30) (31) (32) (33) (34) (35) (36) but not others (10, 27, 28, 37) . Our lack of a consistent association for all three types of pain between preoperative anxiety and postoperative pain may be due to the way that we measured anxiety. Other studies have examined two types of anxiety, state and trait. Trait anxiety reflects a person's innate tendency to be anxious, and state anxiety is a measurement of anxiety at a given point in time. Stronger correlations have been reported with trait anxiety and postoperative pain (12, 25, 30) . Only a few studies have found a correlation between state anxiety and postoperative pain (33, 34) . The preoperative question in our study is more reflective of state anxiety.
Epidural analgesia was significantly associated with both decreased pain at rest and decreased pain with movement, and intramuscular analgesia was associated with increased maximum pain on Postoperative Day 1. In our study, the greatest impact of epidural analgesia was on decreasing pain with movement. Movement magnifies the impact and quality of postoperative analgesia. Most previous studies support our finding that epidural analgesia provides more effective pain relief than intramuscular or patientcontrolled analgesia (13, 38, 39) .
Our study has several limitations. Since it was observational and not a randomized trial, we can report associations but not cause and effect relationships. This study was conducted in a tertiary care center, and the findings may not be generalizable to other clinical settings. The intraoperative anesthetic management was not standardized, and therefore the preemptive
